(19)H*ia4*Wit (JP) (12)^Pi#if^lB (A) ai)4#l1=W®^/iHS# 

#112002-356454 

(P 2002-356454 A) 
(iZy^mB ¥^14^12^ 13B (2002. 12. 13) 



(51) Int. CI. 




F I 


f-V3-h' (##) 


C07C 39/38 




C07C 39/38 


4C062 


BOIJ 31/02 


101 


BOIJ 31/02 


101 Z 4G069 


// C07B 61/00 


300 


C07B 61/00 


300 4H006 


C07D309/32 




C07D309/32 


4H039 


C07M 7:00 




C07M 7:00 








m 3S*]RO»6 OL (±16H) 


(21)aiSS# 


#S2002~66187(P2002-66187) 


(71)Ui®A 


396020800 










(22)tilSIB 


¥^14^3^110 (2002.3.11) 










(72)^ea# 




(31)g5fe*S±gS#^ 


#©2001- 123599 (P2001- 123599) 




«*CfP=f f^EBK^^BI 1-6-6 -702 


(32)M5feB 


¥^Kl3^3.gi5B(2001. 3. 15) 






(33)fi5te«l3£3Ba 


H* (J P) 




«»C«B«&Km»Sl -16-4 








>5r208 






(74)f^aA 


100093230 



















(54) \mm<o^m t:^7^-;^^^fl£i=^-7;^i?;^3zl'>A«^ssMfe^^^c5F^'\7^^5''r-;^x• T;i'iS^-RiS;&s 



(57) («EjEW) 




R'«. zK^MT, S-^iRiET, ^^M^ 



( 2 ) 



2002-356454 




;ps«r^L. R'tt. A(.mm^. mmm'T- 

im^m 2 3 1 « H:h :7 h -;Wb^^©^#e 

#® i:-r ^+ ^;pv';pn zir^ AMis^. 

ii. 20 

im^me) ^*«2?5:v>b5ovi-rnd^©+?;i/-:^ 
L^m(Dmm^wim^ so 

[0 0 0 1] 
[0 0 0 2] 

Vi. 40 

[0 0 0 3] :i<Dmmomm^<b\t, z.o^^fs.nm'S: 

Kf*;tT, i7;i/3z:>:7A (Zr) ft;^<^i:S-a<Dt*:?-7 

h h*{b-&#) t -> 'J ;px y - ji'X-T^ jKb-&iK) t t 
;i/h*-Jl'RJ«;dtiiSJ|X^d>-^^ a n t i^X:h>9^;i-jg 

jifT-r -5 c t bT v»s. 

[0 0 0 4] z.<Dj^v-f3.^mi)^<i. ^m^ibityf^^T- 

Dx-f — ;i/X • TJl/^'— (Diels-Alder)SiSIC-:JViTt) 
^Wbfc**. ieJTbt>»l#b^t*0O«iaT?^-&M« 50 



[0 0 0 5] ^dT. J:©Ui®©B?l«, lil±Oi::feO 

ibTVi^. 
[0 0 0 6] 

[0 0 0 7] 

[^b2] 




[0 0 0 8] (^'fCDR'Ji, a^/^^^Sfc^A— 7 

;i.:tD7;i'^;pss^b, R'«. Tumm^. 3K7mm. 

[0 0 0 9] z.<Dmm0^m\t. ii2ic«. ±m 

(D\z±y h-;Hb-&t;©3t^ffitt#:i5?;Pa-^7Afb-g- 

rir>A«i«*jtttb. ^3Jctt. >';i/n-->A{b^«3*s 

■^^AMj**, 114 -iKT;i'r]-;Wb^i^*WfflS 

n * 7 jpe^jpn X ^7 Attj«s»p-r s . 
[0 0 10] -^-bT, ncDiamo^mit. ±i2®+^;i' 
-:?;i/3xr>Attj«©#aTir. T;P5't K{b^#ityx 
v'x:77.+— ;^x>-fb-&ife^:*SiE:;S-a-T, -g-^^^^ 
l!i©SSfb«:ft;^ig!>*^i^-rs t i:-r«^^'S5^ 

[0 0 11] 

i^momm<omm] ;i©aiB©%?^«±ie©t*5 0© 

[0 0 12] e:©am©^0J©tl#^-r^WlEiC:-c«t5$ 
*K-r«>iB(£^^tbT«tg-rs*>©Ta&s. ua-^-ch. 

a, — le^tbTtt, fctiL«-C. F,.M {n«l£A 

±©g:) ibT^tj^n^*^ ^izi-r, n©®:tbT 

J;»5jffiit«, l~8S^©%>©i:bT#«$n 
-5. 1tt^\S.-CY^. -C, F,. 



( 3 ) 

3 

F.) -CP (CP,) (CP, CP,) mtm^-ati 

[0 0 13] &,±<Dt^iy c:):i(Dmm<D^m<D}£±y h 
[0 0 14] z<Daim<D%m\zis\,^x\t, &.±<otiir) lo 

tth\zmf^-r:bZ.ti)iX^^, rctk\-i. Zr. H 
f, Ti. Sc. Yb. Y. La. Pb. Fe, 

[0 0 15] ;^*^-T?fev c:©tH®cD^?gco^i^'\T-Dx 

ir J; t) $ tiT s t ®-r * ^ . 
[0 0 16] ^olS5©3t^ffitt?5:b*:?-7 h-;Hb^<B5t 

[0 0 17] 

[fl;3] 




[0 0 18] ^bX, i^;i'=i3:'>A^fc:^#ltUTli> 5^ 

- 1> at;1/34^-> h*ft;^iK)**J; 0»®3fe%>© t UT 

[0 0 19] &.±<D^y)i'mm^m^^r(Dz.<Dmm<o^ 

\^i\:.'^<^ty~i^:cy.7.^—i?x.» (Danishef sky's d 

iene) ii(DKi^\zx^x^mmmmm<Dm\:mt'tmi: 

#S;:i:*SWi:bTVi-5. 
[0 0 2 01 J;0^l/<tt, fct^^^iC 50 
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[0 0 2 1] 

[ft;4] 




[0 0 2 2] (R'tt. @gftS*WbTViT'bJ;Vi^ft; 

[0 0 2 3] 
[flSS] 




[0 0 2 4] (R'^fectytR' ti. i^-*fc«gim 

-±ft\wm\z. m^t^m&^^-T) -vrntttsn^^x. 

[0 0 2 5] 

lite] 




[0 0 2 6] xmtystiz>-^m^mm(omit»ib'^ 
[0 0 2 7] jit3tc*5v^T^ft;*^s«. nmm. mm 

mm<D=^y)ummizm^x. x^^y-jk :/atf;i/ 

m. ^^\z\'i.y^^mmt^z.iii)^m^x^^^. -wl7 

=^)V\tL\.X. 0. 0 5|JA±0. 4OTi:-rss:i: 

dtjf ^ bvi. K!!&\z^\^X(o%^m^\f.i-y h-;wt;-& 

'^cr){£ffi»«. 3~3 0^Jl'96, J;0*f*b<tt5~2 
V:iT»*. 1~3 o^:;u%. j:0«F*b<«3~ 1 5t;i/ 

-g-ifesmunt* •sJSi^ictt. ai^«. 2 0~i2 0^;u 

S5, J;0»*b<tt3 0~9 0^;l/96A*#lt$n-5. 
[0 0 2 8] SlS;i^i^i:bT©i?X>{b-&*fe(C»bT 

7;i'xt H^b^i^S. 0. 2~2{ig^;k 
<c«o. 5~i. 5l&^:;ua«©lRi^t-rs2:i:*<#« 



( 4 ) 

5 

sn*. Mb 7] 

[0 0 2 9] S.mt. ^§{K4'»C:feV^T> J;f3»®ttt, 
-2 0'C~30'C, J;0«F*L<tt, -10'C~10*C 

CO 0 3 0] &.±<Dt^r)<DZ.<Dmm<D%m<D:^mzJ: 
oT, ftt^it. Z r (OBu) «t3. 3' - I.B I 

nishefsky's dienei&SlSS-e-T, BWfT-S^'fb^t^S: 

ji5fi:«fS«Wir#sjit*«T€r-5. 6. e'iftic 

-rs«ft:#:S:iS5JR^. iUtrans a*^WtC#-5ili*i-C^ 
•5. 

[0 0 3 1] ^z.-^wrizmmm^^h. se.irffb< 

[0 0 3 2] 20 

mmm] <mmmi> 

<A> (R) -3. 3' -IjBINOL©^^ 
(R) -2, 2' -bisOnethoxymethyloxy) -1, 1' 

— binaphthyl 
[0 0 3 3] 

iH NMR (CDCb) S 3.13 (s. «H). 4.96 (d. 2H. J « 



2002-356454 




[0 0 3 4] T)v=t>nmMT^ :iimi[:i-hV'yi. m 

S.6 0%, 12. 6g, 3.1 5mmo 1 ) &«l7K5lttx 
«*xh9hHa79> (THF, 

8 0mL) o-ciSJi^T (R) -^^:^:7^- 

;i/ ( (R) -1, 1' -binaphthalene -2, 2 ' -di 
ol, 15. Og. 5 2. 4mino 1 ) ©THF^JK (5 
OmL) ?&3 OiJ-ra-CWT.Ufc. WfTil«T«-5-©**© 

iafiTf3 0ii-ffl. ii^zfmux2f^m»i^hft. nmo 

'C»C?&aiLfc^. ;< h^^^v'^^'Jl'i^DU (11. 8m 

L. 1 5 7mmo 1 ) *inx.fc^^atc#jab 1 

^Ufc. 0'CT;<^'/-;P*»$o< DS««»cloitTE 

J:t)BW#) (R) -2. 2' -bisOnethoxynethyloxy) 
-1, 1' -binaphthyl (17. 0 g. iR^9 3%) * 

[0 0 3 5] 
[«1] 

«.6HeK547(d,ZH,/o<.SIb).7.I -73 



tm, IK), 7.33 C*W. 2H, / » 8.3, S.4. L4 He). 7.J6 (d. 2H, 7 » 9.0 Hi), 7.86 {i,2B.J= 10 
Hi). 7.94 (4 2H, /« 9.0 lb). 

»CNMR(CDCl3) « 55*95J. 1173. 121.3. 124.0, 125A I2fi.3. 127.8. 129.4. 1395. 134.0, 
152.& 



[0 0 3 6] (R) -3. 3'-diiodo-l. 1 ' -bi 
naphthalene -2, 2' -diol ( (R) -3, 3' - I 
, B I NOL) 

[0 0 3 7] 

[fbS] 




[0 0 3 8] 7';i'::f>#B^T> (R) -2, 2' -bi 
s(methoxymethyloxy) —1, 1' —binaphthyl (2. 0 
1 g. 5. 3 7mmo 1) *#i*>?X5^;WX-T-;HC^ 

/If^-a-, o'c»i^Tn->^5^;i''j5=-'i7A®'\4^-y->^^g 

(1. 54N, 8. 72mL, 13. 4mmol) ^rlm 

;iT-?-cDS*(D)a^T?3 o^j-raiti^L, se.tc^?aic# 

iabT4i^Witj<^b/i:. S«0*CK?&aibT3r>^ (I 
1. 4. 77g. 18. 8mmol) ®5=-h5tKn7 
(THF, 2 5mL) «r 1 B#W*^l+T^TL, 

mmiz^Mhxm^mi^vrz. Rf^miz/'^y-jvi:^ 



Bf^x^;i/»CT— ffittmbfc. WtSH^-g-fc-li-, 10% 

te^, #?.n;fem^^ti*^fb;<g"> (3 OmL) \zm 
M-Si±. 0'C«}^T4 0%^S?;^^'y-Jl'^?^ (6m 

L) *inAT2ii#rajft*^bfc. Ki^mzHtO^ia^. 

40 |ffmbfcHft:S:»mx5^;i'S:iD;^T^«$-a-TiJ-^Sb 

fc. BfKx^;i'«fflViT*ji*^e.-'a[i*Wb/t^, mm 

fiafP^7K»rTHI^^Clfc?i^b, MTi^mti-hO^AXW^ 
bfc, MJ3EJSiBSb> >'U;i7y;i':^5Ai>Dvh^ 
yy^- ('\+-y->-WKx5^;i/) Ttt^b, Sf^x?^ 
;i,i^^^-y->j:t)ffi^ffibTBW^ (R) -3. 3' - 
diiodo— 1, 1' —binaphthalene —2, 2' —diol 

(1. 0 6g. ifsLm3 7%) ^m^^:/vxASkxm 

ft. 

50 [0 0 3 9] 



( 5 ) 
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[S2] 



'H fGVIR (C3ra3) 6 5.41 ($. 2H). 7.07 (d, 2H, 7 = 8.6 Ife). 7J2 (ddd, 2IL J = 8.6, 7,1, 1.: 
Kz). 738 rddd, 2H. / « 7 « 8.3. 6.8. l.O Hz), 7.79 (1 2lt 7 « S.8 Hz). 5^2 (S. 2H). 
"C NMRCCDQa) 5 124.4. 124,8, 1273. U8.0, 130.7, 133.2. 140.4. 150.1. 



[0 0 4 0] <B> (R) -3, 3' -1,-6. 6' 
- (C, Fi) 
(R) -6. 
e -2, 2' 
[0 0 4 1] 
[{b9] 



, B I NOLCD-g-JBrg 
6 ' — dibromo — 1 , 
-diol 



-binaphthalen 




[0 0 4 2] 7;i'rf>l?H«T> (R) -\f^yh-)l 
( (R) -1. 1' -binaphthalene -2, 2' -dio 
\, 2 0. Og. 6 9. 9mmol) ^M7K&it:^^U 

> (4oomL) izmm^"^. -4 5x:mm^^m (b 



r,, 7. 9 2mL, 1 5 5 mmo 1 ) co*S*4S^b;><g=' 
^>^«(10 0mL) *l^W*ntT«i>o< 0?ST 

fcl OXMi8!im*^:hhU^7A*^^^ (3 0 OmL) * 

10 10 %MSltK*^:^ h U AtK^^ST— fig. H, OT?H 

CltlCJ:0> eeg^^ (R) -6. 6' -dibromo -1, 
1' -binaphthyl-2, 2' -diol (2 5. 0 g, 

8 1%) s^a^JtfiyuxAa7?#&• 

[0 0 4 3] 
[^3] 



IH NMR (0X33) « 5.00 (s. 2H). 6.96 (d, 2H. I - 9.0 ib). 7.37 (dd. 2H, J« 9.0. 2,0 Ha), 7.39 
(d, 2H, J = 9.0 Ht). 7.«9 (d. 2H. J »9.0 Efa), 8.05 fd. 2H. J « 2.0 Hz). 
'iChJMRCCDCIjld U0.6. U8.01 119,0. 125,9. 130.4, 130.6. 13a7, U0.9, 131.9. 153.0. 



[0 0 4 4] (R) -6. 6' 
bis (methoxymethyloxy) — 1 , 
[0 0 4 5] 
Utl 0] 



— dibromo — 2 , 2 
1 ' — binaphthyl 



Bi 



30 



[0 0 4 6] r;urf>#ffl^T> **^b:^hu^7A m 

S6 0%. 17. 3g, 4 3 3mmol) ^^7K5*X 
—y^MZXIftl^V. M*"7"h^bHD:7^> (THF, 
16 0mL) OTC»*^T (R) -6, 6' 

-dibromo -1, 1' -binaphthyl - 2 , 2' -diol 
(3 2. 0 g, 7 2. Immo 1 ) (DTHFmi^ (7 0 

m NMR (CDOS) 5 3.15 (s. 6H), a.97 (d, ZH, 7 = 



m^Bo^m. fe<i:r;^^ST2P#w»*^bfco n&ox: 

IcJ^aibfc^. h + e/^^;^^aU K (16. 3m 

L. 2 1 7mm o 1) ^unA^rcmmmz^uv immm 
*^bfco ot:T;<^^y-;i^*«3)o< t)SJS^icjpx.TS 

ct?)aW«^ ( (R) -6. 6' -bibromo -2, 2' - 
bis (methoxymethyloxy) —1, 1' —binaphthyl, 3 
6. 5g. iR*9 5%) 

[0 0 4 7] 

[^4] 

6.8 Hz), 5.08 <d, ZH. / . €.8 Hi). 6.97 fd. 



2H, / « 9.2 Hr), 7.29 (dd, 2H, / » 9.0, 2.0 Hz), 7.59 (d. 2H. ^ = 9.2). 7.85 (d, 2H, 7 =. 9-2 Hi), 
8.03(d.2H,7 = 2.0Hi). 

»C NMR (CDCI3) 855.9.93.0. 118.0, 118.0. 120.7, 127.1. 128.7, 129.7, 129.8, ISO.9. 132.4. 
152.9. 



[0 0 4 8] (R) -6. 6' -diiodo-2. 2 
s (methoxymethyloxy) -1, 1' —binaphthyl 
[0 0 4 9] 
[^b 1 1 ] 




-bi [0 0 5 0] T;i-zf>S?ffl^T, (R) -6. 6' -di 

broffio —2, 2' —bis (methoxymethyloxy) —1, 1' 
-binaphthyl (2 0. 0 g, 3 7. 6mmol) ^MtK 
y^hy\i\^tiy^> (IBOmL) JC^^Sit. -7 8 
X:mi^Tn''^^JWJ^^A<D^^^>mi^ (1. 5 6 
N, 1 1 3mmo 1 ) ^^^< 0?STb> ^<D^^2^ 

mmi^iyfc. Kf^:-mm\zB^m (ix, 2 8. eg. i 

50 13 mm o 1 ) 0^*7^ h ^ t K D :7 ^ (60m 
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ICTftSb. (R) -6, 6' -diiodo-2. 

2' -bisdnethoxymethyloxy) -1, 1' -binaphlhyl 
(9. 7g. iR*4 19g) (Sfiffi^a) . 

[0 0 5 1] 
[«5] 



iH KMR (CDaj) 5 3.15 (s, 6H), 4,97 (d. IH, = ^.8 5.07 (d, 2H. ; « 6.S Hz), 6.83 (d. 
2H. ; = 8.B Hi), 7.44 (d4 2H. i - 1.8 Hz), 7.57 (d. 2H. / a 9.2 Hi). 7.82 (d. 2H. i « S^), 
8.2S(d,2H./=l.SH2X 

"CNMR(CDa3) S55.9. 89 J. 95.0, 117.8, 120.6, 127.1. 128.6, 131,4. D2.7, 134.8. 
153.01 



[0 0 5 2] 
y) -6, 6^ 
inaphthyl 

[0 0 5 3] 

[{bl 2] 



(R) -2, 2' -bis(methoxymethylox 
— bis(pentafluoroethyl) —1, 1 ' — b 




20 



6 5g. 19. 2mmol) . 17 ^vft^J U ^^A (1. 4 
8g, 2 5. 5mmol) . i?>^^;i/2jN;PA7^ H (D 
MF, 1 6mL) *Jnx.T^itb. 1 0 0t:T2 4^^ 

itJ^Ufc'•^ SiaicTSc?&«. »S!x5";ptH,o*jD 
bfc. iJ^^^b, TK^ctDW^xg^jPT-ftttiUibfco * 

(R) -2, 2' -bis(methoxyraethyloxy) -6. 6' 
— bis(pentaf luoroethyl) —1, 1' — binaphthyl 
(3. 2 1 g, iK*8 2%) &#fco 
[0 0 5 5] 
[«6] 



[0 0 5 4] T;i/rf>g^H^T. 5 OmL<Dz^-)\^]^'^ 

zL-':f\Z (R) -6, 6' -diiodo-2, 2' -bis (me 

thoxymethyloxy) —1, 1' —binaphthyl (4. 0 0 

g, 6. 3 9mmol) . trimethylpentaf luoroethyls 

ilane (TM S d Fs . MS 9 0 5. 4 6 g, 2 

5. 6mmo 1, -^^Kfe^iB) . B^itM (I) (3. 

•H NMR (CDOg) 5 3.18 (*. fiHD, 5.05 Cd» 2U. / » 6.8 HiX 5-13 (d, 2H. / « 6J» Hz). 7^ <4 
2H, y = 9.0 Hz), 736 {d, 2H. / s 9.0 Hz), 7.71 <d. 2H, / « 9-2 Hz), 8.08 (d, 2H. / = 9 2 Hr), 
8.17 (i.2H). 

"C NMR {CDC13) 6 56.0. 94,8. 113,7 / = 253. 38 Hz). 1 17.8. 119.2 (qt. 7 - 286, 35 Hz), 
120.1, 122.8 (I, / s 5.1 Hz), 124.2 <l. / - 24 Hz), 126.1. 1275 (t. / 7.1 Hr). 128.5. 130.8. 
135.3, 154.4. 

«»FNMR<283 MHz, 0X33. a?3COOH:-76.S ppm) &-e4.8(3F).-n4.3{2F). 

H?LC : Dated OiirAlpak AD, hexute/^PtOH = 19/1^ Oow nte = 05 mLftnin, 254 jm : (ft » 

1 0.3 mia (ii), ri? s 9.2 min (S). 

MS(inAO^lO(Mn. 

Wo** +78.5 (c LOa. CHa3). 



[0 0 5 6] (R) -3, 3' -diiodo-2, 2' -bi 
su(methoxymethyloxy)— 6 , 6' —bis (pent afluoro.eth 40 
yl) - 1, 1 ' -binaphthyl 

[0 0 5 7] 

[{bl 3] 




[0 0 5 8] 7;P:^>gffl^T. (R) -2, 2' -bi 
s (me thoxymethyloxy) —6, 6' — bis (pentaf luoroeth 50 



yl) -1. 1' -binaphthyl (3. 17g, 5. 19m 

mol) <£^i*5^h^b Kd:75'> (THF, 60m 

L) izmn-^i^. -7 sx:mi^Ts-:/^)W^^A<D 

zyiru^^^>-n-^^^>mi^ (l^ 02N, 3 
0. 8mL, 2 1. Immol) SJSTbfc, -tCOS* 

otsfgTiPtrBia^tbfcm. Bom (ii, ?, 92 

g, 3 1. 2mmo 1 ) OTHF (2 5mL) ^l^^m 

Tbse.ic3B#pfl»j^bfco j-)v^m^tz^. m 
ci:t)@^s^x5^;vT-sttfflbfco mmm^^f^^. i o 



(7 ) 



11 

>-»ffiX^;W TJtfflb> BW«& (R) -3. 3' - 
diiodo— 2, 2' — bisdnethoxymethyloxy) —6, 6' 
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— bis(pentafluoroethyl) —1, 1' — binaphthyl 
(3. 1 9g, IR*7 1%) 
[0 0 5 9] 
[^71 



NMRCCDCb) 8 («. 6H3. 4.83 (d. 2K /- 5.« Hr), 4.84 (d. IIJ, / ■ 6.1 Hb). 7J» (d, 
2H,y « 94 Hz), 7.47 (d, 2H. 7 « 8.« Hag, ZX39%m), 8.69 • ' 

MMR (0X33) « 56.4, 94v^ 99,8. 1 13.3 (Bl, / « 254. 3« lfi>. 1 19 J (<p. 7 « 286, 39 Hz). 
123.6 y « 5.3 HjO, 125,7. 126.I (i, /» 7J Hi), 126.2 0, 7 - 24 HjX 127.4, UOJ?, 115.0, 
141.2. 154.7. 

»9p NMR £283 MHr. CDCI3). CF3COOH:-'76.5 pfn) 5 -S4.7aFX -1 t4.8(2F). 
MS (mi^) 863 04^4.1). 



[0 0 6 0] (R) - 
s(peDtafluoroethyl) 



ia]o^ 43.11 (c l.n,CHCl3}. 

3, 3 ' -diiodo- 6, 6 ' -bi 
— 1, 1' — binaphthalene — 
2, 2' -diol ( (R) -3, 3' -1,-6, 6' - 
(C, Fs) , B I NOD 
[0 0 6 1] 
[fbl 4] 




20 



3 ' -diiodo- 2, 2 ' -bi 
, 6' — bis(pentaf luoroeth 
5 4 g, 4. 11m 



mo 1) ^1&{t^^U> (CHiCl,. 2 0mL) \zm 

m-^it. ot:tR}!^T4 0 5^ifeBj^^^y-;u»«*jnx.. 

(R) -3, 3' -diiodo- 6, 6' -bis(pentaf 
luoroethyl) —1, 1' —binaphthalene —2, 2' — 
diol (2. 8 1g, iR*8 8 96) ^^S^StCtt 
$ 6 JciSfb >^ 5" 1/ > t '\=^r > «C J: 0 WStt b CD Sr 

[0 0 6 3] 
[«8] 



[0 0 6 2] (R) - 3. 
s (methoxymethyloxy) — 6 
yl) - 1, 1 ' -binaphthyl (3. 

nip, 204 'C 

"H WMR <CDCl3) S 5.63 (s, 2H), 7.17 (d, / = 9.2 Hz). 7.46 ( dl 2H. ) = 8.9 Hz). 8, 10 ($, 2H), 
8.63 (s, 

i3C NMR (CDCls) 5 85^, 112.7. I J3.4 (tq, 7=253. 38 Hz), 116.9 (ql, 7= 286. 39 Hi), 124.4 
a /s= 5.1 Ht). 125.1 (1. 7= 24 Hz), 125.3. t26-7 (i, y = 7 J HzX 129.4, 134.8. 141.2. 1^1,9. 

NMR (283 MHz. CDQl. CF3COOa-76J ppm) 5 -84.7<3F).rll4.8(2F>. 
HPLC : Daicel CbiiBlpak AD. h^xase/'pEOH ■ 9/1, flow lata s LO mUmin, 254 am : tff = 
15.0 min (JO. tR = 24.2 min (^. 
PTm [cm-lj CKBr) 3304. 
MS (m/z) 774 

[Cs1d23 4.51,2 (c 1.01, CHCto). 

Ekmffnu] analysis for C24HioP]ol2Q2, eated.: C 37.2-^, H IJO; found: C 37.00, H 1.46. 



Ii-6, 6' 
6, 6' - I4 



[0 0 6 4] <C> (R) -3, 3' 
-B rtB I NOL. (R) -3. 3' 
B I NOL<D^0^ 

(R) -2, 2 ' -bis (methoxymethyloxy) -6 
— bistrimethylsilyl- 1 , 1' —binaphthyl 
[0 0 6 5] 
litl 5] 



40 



M033I 




7;Urf>^H^T> (R) -6. 6' -di 
2' —bis (methoxymethyloxy) —1, 1' 



[0 0 6 6] 
bromo — 2 , 

-binaphthyl (5. 0 0 g, 9. 3 9mmo 1) 50 



5^h9bHa>'^> (THF) \zmm^-^^ -7 8t:{S 
J^Tn-y5^;UU^»i7A(^^^-y->^?« (1. 60N. 
14. 7mL, 2 3. 5mmol) ^m^X imS^^ 

bfc, rai;iaffiThu^^;Ui57nu H (3. 0 6g. 2 

8. 2mmo I) C0THF^^$ (2 OmL) «:Jax.$ & 

(^^D'>-mm:j^^M xmnv. aw^ (r) - 

2, 2' -bis (methoxymethyloxy) —6, 6' -bistri 
methylsilyl -1. 1' -binaphthyl (3. 8 4 g. K 
^7 9%) ^ntc m^^VXA^) o 
[0 0 6 7] - 



( 8 ) Wm2 002-3-5 6454 

13 14 

[^91 

arp, 144 'C 

>ff NMR (CDCI3) 6 6.29 (s, 18H). 3.16 (i. 4.98 (d. 2H, /« 6.» Hs), 3.05 Ci 2H. 6.6 
Hz), 7.12 (d. 2H. / » 8J H2), 7.32 (d. 2H,7* MHz). 7.56 (d.2a 9.0 Hi).7.9*(d. 2H. / 
= 9.0Hi),8.02(s,2H). 

"CNMR(CDQ3) 6-1.1. 55.$, W.3, U7.3, 12LI, 124J, 129.4, 129.3, 130.3, 133.8, MX 

135.5,153.0. 

MS (raft) 518 (M+). 

[ab^3 -7.60 (c 1.00. CHas). 

EleiiMiical analysis f«r <^oH3804Si2. c^Lcd.: C 69.45, H 738; fbmid: C 69.64. K 7 AS, 



[0 0 6 8] (R) -3. 3' -diiodo-2. 2' -bi 
s (methoxymethyloxy) —6, 6' — bistrimethylsilyl 
- 1, 1 ' -binaphthyl 

CO 0 6 9] 

Mbl 6] 



OMOM 




20 



[0 0 7 01 y)V::f>$$m 
s (methoxymethyloxy) — 6 
-1. 1 ' -binaphthyl (3. 

1) **i*'T-h9t Ha:7^:^ 

^=^^>-n-^^^>^1^ (1, 02N. 23. 2m 



(R) -2, 2' -bi 
6' —bistrimethylsilyl 
0 7 g, 5. 9 2mmo 
(THF, 3 OmL) \Z 



L, 2 3. 7mmol) ^JD^T 1 . S^fflSJ^Lfco 
mi:^1S.mr^B^m (9. Olg, 35. 4mmol)CD 
THF (15mL) »ffi«:j&PA. $&IC2^W»*^U 

Sb. SW#; (R) -3, 3' -diiodo-2, 2' -bi 
s (methoxymethyloxy) —6, 6' —bistrimethylsilyl 
-1, 1' -binaphthyl (4. 3 0 g, 3%) T 

[0 0 7 1] 
[*10] 



IH NMR f CDQs) 5 0.30 {s. 18H), 2-63 {s, 6H), 4.68 (d, 2H, J 5 J Ife). 4.79 (d, 2H, / = 5.7 
Hz), 7.14 (d. 2H, / - 8.4 HzX 7.41 (d, 2H. / «5 8.4 Hi). 7.91 (s, 2H). 8.55 (i, 2H). 

NMR (CDa3) 5-1.2, 56.6, 9Z2. 99.3, 123.3, 125.9, 131.1, 131.7, 132.5, U3.9, 138,1. 
140.2, 151.3. 
MS itn/z) 770 (M+>. 
[alD^' -33.0 (c 1.02, CHCI3). 



[0 0 7 2] (R) - 6, 6 ' -dibromo - 3, 3' ■ 
diiodo-1, 1' -binaphthalene- 2, 2' -diol 

( (R) -3, 3' - 1,-6, 6' -B rrB INO 
L) 

[0 0 7 3] 

[fb 1 7 ] 




> (lOmL) (C^^b. Ot:»J?^T4 0%i^g^^3^y 
40 mm^^ioi^. HxOT-ffi. ^f[I*Jte*T-«ift^ 



[0 0 7 4] (R) -2, 2' -bis(fflethoxymethylox 
y) —6, 6' — bistrimethylsilyl— 1 , 1' -binaph 
thyl (2. 5 0g, 3. 1 9mmo 1) ^mmt^M 

(2 5niL) l-^^^i^. O'Cmm^mm (1. 5 3 
g, 9. 5 7mmol) CQEgtS^fb^^ (5mL) mi&^ 



b. «l*«:hhU»;7AT^J^bfco S®. MiEiiSt 

y^-xmmT^^t\zxr). smm (r) -6, 6- 

— dibromo —3. 3' — diiodo— 1, 1' — binaphthal 
ene -2. 2' -diol (2. 0 8 g, iR^9 4%) $r=^ 
fee :^^SjStc«$&lcjS^g^x5";i/t^+ij->d^e>Sj^ 
ffibfcfeO*fflV^;t («flJtfi>^U7:Affi) . 

[0 0 7 5] 

[«1 1] 



50 



(9) 2002-356454 

15 16 
rap. 277 'C 

>H NMR [CDOi) 5 5M ($. 2H). 6.89 (d. 2H. / = 9.0 Ha:), 7.37 (dd, 2H, / = 9.0, 2,0 Hz), 
'7.9* (d, 2BL /«2.0H2). $.40 (f. 2H). 

«5C NMR (CDa3) 6 88.5. 112.8, U8.6, 126.1, 129.1, 131.3. i3l-5, 431.8. 139.^, 150.3. 
FTIR [cor^l (KBr) 3521. 3503. 

MS Cxnfe) 694 (M- 1). 695 (M^). 696 {M++1), 697 6n (M^'+SX 

Ekmemal analysis fbr C^oHioBil^, cdcd.: C 34.52, H t.45; foood: C 34.75, n 1.60 



[0 0 7 6] (R)~3, 3', 6. 6 ' -tetraiodo 
-1, 1' -binaphthalene -2, 2' -diol ( (R) 
-3. 3' , 6, 6' -I4BINOL) 

[0 0 7 7] 

[fbl 8] 




miA (4mL) 4iO^. SO^^mi^nVfCo H, O. 

^C:^lCctDaW«& (R) -3, 3' . 6. 6' -tetr 
aiodo -1, 1' —binaphthalene ~2, 2' -diol 
(18 5mg. JK^6 1%) «:^^4h3KffiT#fco 
[0 0 7 9] 
mi 2] 



20 



[0 0 7 8] (R) -2, 2' -bisdnethoxymethylox 
y) -6, 6' -bistrimethylsilyl- 1 , 1' -binaph 
thyl (3 0 0mg, 0. 3 8 2mmol) ^m^itJ^M 

(5mL) izmm^'tt. -is'cmm'-mtB^m 

(ICl. 2 5 0mg, 1. 5 4mmoI) (Ommt^ 

m (imL) miA^iK\^x5»mmi^vrd'\ 10% 

mp.299 'C 

«H NMR (0X13) 5 5,42 (a. 6.76 <d, 2R / = 8.S Hz), 7.53 (dd, 2H, / 9.0, 1.7 Hi) 
S.16 (d, 2H, 7 - U4 Kt). 8.37 (s, 2H). 

12CNMR(CDCl3) 5 881. 89.a. 112.7, 116.1, 13 L9, 132.1* 135.$, 136,4, 139.1, 150.4. 
FTIR CKBr) 3521, 3496. 
MS (mA) 789 (M^. 790 (M+<-l). 
[a]Di8 +54.9 (c 0.61, TK?). 



[0 0 8 0] <D> (R) -3, 3' - (CFs) ,B I 
NOLCO-g-^ 

(R) -3, 3' -diiodo-2, 2' -bis (methoxymet 
hyloxy) —1, 1' — binaphthyl 
[0 0 8 1] 
[|bl 9] 




[0 0 8 2] (R) -2, 2' -bis(methoxymelhylox 
y)-l. 1 ' -binaphthyl (1 0. Og, 2 8, 5m 
mo 1 ) <DM*>^x^;Px— T';i/^'i^ (5 0 OmD \z 
OX^mWTn-Z/^Ji.^JT^AO^^D-y^l^ (1.5 
9N, 63mL, 1 0 0 mmo 1 ) SJlOA.. -tcD** 3 



nmOX:\Zlf^^lyBOm (2 9. Og, 114mmo 
1) (^7^h^bKD:7^>^® (8 0mL) S:lB#r^:0^ 

lnix.:fem. B^mx^;utH,o$:Jn;^T^^^b. 7k)i.i: 

^•y->d^e>S«Sa'r^eii:tcJ;0. HW^ (R) -3, 
3' — diiodo— 2. 2' — bis (methoxymethyloxy) — 
1, 1' -binaphthyl (7. 1 6 g, iR^4 7%) Sr« 

[0 0 8 3] 
[«1 3] 



( 10 ) 

17 18 
IH KMR (CDOJ) 8 2.60 (s. 6H>, 4.^9! (d, 2H, J « 5.7 Hi*. 431 (d, m J « 57 Hs), 7.17 (<l. 
2H, J a S.4 Hx), 7.29 (ddd, 2H, J « B.4. 6.8. 1.3 He). 7.42 (diJl 2H, J o 7.9. 6.6. U Hz), 7.77 
(d. 2H. J s.8.2 Hz). 8.54 (s, 2H). 

l3CNMR(CDa3> 5 56.5, 92.5, 99.4, 125.8, 126.2, 1263. 126.7. 127-1. 132.2, in.8. 140.0. 
152.2. 



2002-356454 



[0 0 8 4] 
y) -3. 3^ 
aphthyl 
[0 0 8 5] 
Ut2 0] 



(R) —2, 2' — bisCmethoxymethylox 
~bis(trifluoromethyl)— 1, 1' —bin 




[0 0 8 6] 7;Urf>#H^T> (R) -3, 
iodo— 2, 2' — bis(methoxymethyloxy) — 1 
binaphthyl (2. 8 5 g, 4. 5 5minol) 
z^y)l:tum^^'^)\^ (5, 2 6g, 3 6. 

1) . B^itm (I) (3. 46 g, 18. 



1) > y^yitt!V02^ (1. 0 6g. 18. 2mmo 
1) ii-jy^^JV^JVAT^l^ (DMF, 4mL) 

Sii-. 1 0 o^Ti 2^m»i^hft''\ ^m^-vtsu}^ 

» T^Sb, BW^ (R) -2, 2' -bisUethoxym 
ethyloxy) —3, 3' — bis(trifluoromethyl)— 1, 
1' -binaphthyl (1. 0 6g, iR*4 6 9^). «:#;tc 
[0 0 8 7] 
20 [«14] 

»H KMR (CDQa) 6 2.71 (s, 6H). 4 J3 (d, OH. / - 5.5 Hz). 4.77 (4. 2H. / *r j.j H^, 7.24 (d. 
2a / - 8^ Hz), 7.41 (m. 2H). 7J1 (m. 2H), 7.98 (t. 2H. J - 8.2 Hz). 8.35 (s, 2H). 
i»C KMR (CDOa) 656.2, 99.7, 123.6 (q, 272 Hz). 123.9 30 Hr>, 126.1. 126.2. 

126.9, 129.0, 129.; (q,/»6.3Hz), 119.1, 129.2, 135.6, 1S0.8. 
NMR (283 MHz. GDQj, CF3COOH:-76J ppm) 6 -14 LI 

(a)D^* -«9.b (c 1.0*. CHOa). 



3' -di 
1' - 

4mmo 
2mmo 



[0 0 8 8] (R) -3. 3' -bis(trifluoromethyl) 
-1, 1' -binaphthalene -2, 2' -dioi ( (R) 
-3, 3 ' - (CF,) ,B I NOD 

[0 0 8 9] 

[fb2 1] 




[0 0 9 
y) -3. 



0] 

3 ' 



(R) —2. 2' — bis (inethoxymethylox 
— bisdrifluoromethyl)— 1 , 1' —bin 



aphthyl (1. 0 6g. 2. OSmmol) 

vy (lOmL) xzMm^^. ot:igf^T4 o%ts^>< 

30 9J-)\^M (3mL) ^JDX^CO** mr^ftj^b 

(^^i^>-»^x^;i/) -^Jtrnb. >?x^;ux-T-;p 
^^:^-it>ckOS«g*bTBW«5 ( (R) -3. 3' - 
bis (trif luoromethyl) — 1 , 1' —binaphthalene — 
2, 2' -diol (0. 6 1 g, iR^6 9%) S:#fco 

[0 0 9 1] 
40 [«15] 



( 11 ) 



«rM 2002-356454 
20 



19 



mp. 245 'C 

>ft NMR (CDax> 5 5.30 (s, 2H). 7.12 <d. 2H. - 7.7 H*K 7.4 - 7.6 (m, 4H>. 8.01 (d. 2H, /a 

7.3Hi),B.38C$,2H). 

"CNMRCCDQa) 

112,1, (q, / = 32 Hx). 123.2 (q. / « 272 Hz), 123.9, 125^ U7.8. 129.7; 130.1, 130.4 (q. 
IbS.BHz). 134.6,149.4. 

.MMR (283 MHz, CDCla, CISCOOH:-76.5 ppm) 6-143.8. 
HPLC : Daioel Onfaloel AD, hexMW/<PcOU - 40fl, Row rios & 1.0 mL/inia, 234 da : ri! • 
17.9 miA £lt a22.9 i&ia iS). 
rnR (cm-lj CKBc) 334jft. 
MS(in^t)422(M^). 
[a]D*' 4-18.6 (c 0.65, COCtx). 

Btemdnzd snelysis for CuKisFtfCh* c;^d.: C 62.57. H 2.S6; found: C 6233> H 3.03. 



[0 0 9 3] 
[fb2 2] 




l>2KO'&u)4 00mo!3«> 



O 



RCHO 



[0 0 9 4] -E-COJ^S&^l 6\Z^Vft. ^1 7 



[0 0 9 5] 
[^1 6] 




A 




-20 



58 



93 



5 




90 



[0 0 9 6] 



[^1 7] 





( 12 ) 

21 22 

iH NMR (CDCI3) 6 X66 C<W, IH, / = 14, 2.5 Hz), 2.90 (dfl. IH, J = 17, 
14 Ht), 5.42 (dd, IH, / « 10. 3.5 Hz). 5.52 (d, IH, J o 6.0 Hz), 7.3 - 7.4 
(m. 5H), 7/»B (d. IH, /= 6.0 Hz). 

l^c NMR(CDas) 8 43w3. 81.0. 107.3, 126.0, 12M, 128.9, 137.8, 163.K 
192.1. 

(it) -l-C^ C3ft)oit>|i]ieny1}-2|3HUli7dro-4ff-pyrBn^^ 

IH NMR (CDa3> 6 2.64 (dd, IH, i = 17, 3,7 KO, 2.55 (dd, Ift / a 
14» 17 Hz), 541 (di IH. J = 10.6, 3.7 Hz)» 5.53 (d, IH. / = 6.1 Hz), 
734 (d, 2H. /a 8.7 Hz). 7-39 (d, 2H. S.7 Hz), 7.47 (d, Jft i « 6.1 Hz). 
«3CNMR (COaa) h 43.3, 80.2, 107,5, 127.4. 129A 134.7. 136.3, 
162.9,191.6. 

(5)«Z-Pheneth]pl-2«3-dQiydro-4ff-pjraD-4MyDe 

X ^HNMR(Ca>a3)6 W5(iiulH). 2,15 (in,lH). 2.42 (d41H,iss 17, 
^^^.^^^^3 tdd. la J = 17, 13 HZ), 2.80 (m. 2H), 4,39 (m, IH), 

(^'^'^^ 5.40 (d. m. J = 6.0 Hz), 7.1 - 7.3 (ra, 5H), 7.38 <a J H, 7 a 6.1 Hz). 

l^c NMR (CDCI3) 8 30.9, 36.0^ 41.8, 78.4, 107.1, 126.2. 128.4. 
128,6.140.6^63.1,192.4. 

(lt>-2<<p«To];l>2^3-dihydn^4ir.pyran-4»one 

ff lHNMR(CDa3)fiX2«(5,3l«»2.33(dd.lH,/* l7,3^Hz),2.81 
^ ^"^^ ^*>« 5-2^ 1^7' Hz), 5*43 (dd. IH, /= 

^.3. 13 Hz). 7.1 - 7.3 (m, 4H), 7.37 (d, IH, J« 6,1 Hz). 
13c NMR(CDa3) 8 21.2» 43.3, 8L0. 1073. 126,1. 129.5. 134.8, 138,9, 

163,2. 192.3. 

(5>'2^Pentyt-2,3.^ib]rdn>-4£r-piyrBii-4-one 

i IH NMR (C3>a3) 6 0.90 (^ 3H, / - 6.8 Hs). 13 ^ 1.5 (la, ffl), 1.66 
^,,,^^^....,^^0 (m, IH), 1.81 (m. IH). 243 (dd. IH, 4.1. 1.2 Kt). 2Jil (dd. la S 
t= n. 13 Hz), 4.4 (m. IIQ, 5.4 (dd. 4H, /- 5.8, 1.0 Ha). 7.35 (d, IH, J 

= 6.]H2). 

13c NMR (CDpb) 8 13,9,22.4, 244^31.4,34.3.41.8. 79-5, 106.9, 1633, 192.7. 



2002-356454 



1)Zr(0bu)4 (10mol%) 



1)Zr(OBu)4(10mol%) q 
O OSIMda (fl)-3.3'-»2-6.6--(C2F3)2BINOL(15mol%) V m« 





















'-(cy=6)aBiN0L 



84% Yield 
trie/trans^ 13/S7 
B4% ee (trans) 



[0 0 9 9] <llifiM4>||iS«?t|3 i:l^«J;:L-TSJS;* 



[0 10 0] 
[^18] 



(13) <I#M 2002-356454 

23 24 
1)2KO'Bu)4(tOnigl!«) 
OTMS S-SHi-e^-ttjFshBINOLOSmoBO ^ 
RCHO + ""O^'^yo'Xl^ AdAbffi 'rXIT^ 



Eniry RCHO AddMve TwthkC^) Ylrtdfdll/irand EMdt/tran^ 



a*' 



^ qJO^^ PrtWCaO^WCa) -20 mo/90) 71/97 



PrOH(B0>>f20C») -20 83(15/87) eO/W) 



[0 10 1] [^1 9] 

3y5*0iiiwtl^2'fli«B7lr3ft3Klll)ydr^4B-p$Tan-^^ 

NMR (C3)Cl3) craw isomer: 5 <X92 (d, 311 7 = 6-8 mX 1.73 Cs, 
3H), 2.80 (dq, IH. /= 13,4, 6l6 Hz). 4.91 (i!, IH. ^ = 15.4 Hz), 7.31 (s. 
lH),73-7.5 Cm.5H}. 

cij isorner. 5 0.90 (d, 3H, 7 s 7.6 fe), 1.74 (s, 3H), 2.60 (dq, IK, 7 = 
7,3, 3 Hi)» 5 .47 (d, IH. J = 3.2 H») , («, JH), 7 J - 73 (m. 510. 
l-^c KMR (CDC33): trans iwrncr. S 103, 10.7, 44.7, 86.9, 113,1. 1273, 128.7. 129,0, 
137.5, 158.7, 194.9. cis isomer 5 9.9. 10,7, 43.7. S2.9, U2.3, 125.4, 127.9, 12SJ, 
136.8,138.8, 197.7. 

3,5«DilIl«tivl-^Q»<Uor^llell|l)-2|^^^ 

iH HMR (CDa3) trms isomer 8 0.92 (d, 3H, ; = 6,8 Hr), 1 .72 
r^^^J 2.74 (dq.. IH, /= 14, 6.8 Hi), 4.89 (d. IH, J = 13 Hz), 7.30 (t, 

^jA^ lH),73-7.4(m.4H). 

cix isomer 8 0.88 (d, 3H, /= 13 Hz), 1.74 (s, 310, 2.56 (dq. IH. 
7.3, 3.2 Hx), 5.44 (d, IH, / 2.9 Hz), 73 (s, IH), 7.35 (dd, 4H, J= 8.8, 26 Hz.),). 
13CNMR(CDa3);Wwi5wnw: 6 103, 10.7,44.7.86.6. 1133. 128.7, 128.9. 134.8. 
136.1, 138.5. 194.5. w isonicn «9.9» 10.6. 45.5. 82:2, 112.7, 126.8, 128.7. 133.B. 
135.3, 1583. 1973. 



3^4Niiietliy)-2*(p-C0^1)-2,3-dfih3rdnHlff-|^ 

NMR (CDCI3) trans isomer: 6 0.92 (d. 3H, /= 6.9 Hz), 1.72 (s, 
3H). 2.73 (S, SIDi 2*80 (dq. 1H» / = 13.2. 6.8 Bz). 4.S7 (d, IH, / = 
l3.4H2;),7.2-73(flu5m. 

ds isomer. 6 0.90 (d. 3H. 73 HI), 1.73 (s, 3H), 2.37 (s. 3H), 237 
(dq, IH, /= 7.3. 33 Hz), 5.43 (d. IH. /= 3.1 Hz), T2 - 73 (». 4H). 7.37 (s. IH). 
13c NMR (OXns); rri»w isomer; 8 10,4. 10.7. 44.6. 21.2, 86,8, 1)3.0. 1273, 129 3. 
134.6. 138.9, 158.8, 195.1. cis isonwr 5 9.9. 10.7, 21 J, 45.V. 63.0. 112.4, 125.4. 
129.1. 133.B. 137.7. 158.9, 197.9. 

<^mMS>ZL(Dmm<Dmm<Dyf^^'rtiy^'^ -JVTs • 40 ^©Prelactonr CcD^^M^^'&^£«:SI3Sbfc. 



(14) «fM 2002-356454 

25 26 




«) 



OH OH 



(♦)*PiciKlaneC 

RcKtion condiUun$; lO ZKCyBu)i (10 mol %X CV)-2c (15 
mol %), PrOH (120 mol %). HjO (20 mol \oliicnc, -20 
'C 48 h. then Sc(OT0i 00 mol %), CH2a2, r.(., 81% 
yicW, tran3(cls^^, 90% ee (fiwijf); b) NaBH4-CeC!l3» 
B1OH-CH2CI2. 'C 90%» di - 96/4; «) DowdJt^ 50W-X2, 
UBr, HaO, THP. 0 "C, 79%; d) Ae^O3-C6llt0^ benzene, 
reflux. 96%« 

4»ra^^£#?*cl:lXPrelacton C<Z)|^SMti^co^ 2 0 (D [^20] 



( 15 ) #H2 0 0 2-3.5 6 4 5 4 

27 28 

3); trans'i: IR Icar^l 1677. 1599, 1457, 1409» 1377« 1308. 128S. 125% 1217. ^ 
NMR (CDaa) S 1.04 (d» 3ai» 7.1 Hz). 1.76 (dd. 3H. Jb 6.6, 17 Hz), Z46 (dq, lli 
J= 12. 7.1 Hz), 4.39 (dd, IH, 12, 8.3). 536 (d, IH, J= 5.B Hz), 5.57 (ddq, IH. /- 
15, 1.7 HzX 5.86 <ddq, IH, /- 15, 6.6. a7 Hz), 730 (d, IH. /s 6.1 Had. 
NMR (CDCb) 6 10.6, 17.7, 43^, 85.5, 106.2, 127.4. 132J, 162.2, 194 J. MS [mAcl 
152 (M^), [a]D^83.1 (c 1 J5, CHCb, 87% ec). . HRMS (m^z) calcd far 
CqHizQzIM*^): 152.0837; found: 152.0831. Thtraiioof mm^ and cii- isomers was 
deitfinined by ^H NMR Eusalysls, and the opdpal purity was dstennined bjr HPLC . 
analysis (Palcel CUralcel AS, haxaae/'PiOH s lOQ^l, flow rate 1.0 mLAnin: mms 
Isomer i|i s 23. 1 min (major), fR » 193 min (minor); ets isomer iis. ^ 30.0 min 
(major), fRBs 48.0 min(mxACQC)). Then, imnp-3 was sqparatzd by colm&n 
chcomatogr^hy (silica gcL P£.-diecfayl cthcr=^:i) aod used in tiie next ccacdon. 

pyrane (4): m.p. 88 'C. IR [cnrU (KBr) 3246. 1651, 1437, 1378, 1357, 1335. 1312, 
1282, 1268, 1233. »H NMR (CDQ^) 5 0.98 (d, 3H. ^ 6.8.Hz), 138 (d, IH, J- 8.0 
Hz), 1.65 {m, IH), 1.75 (dd. 3H, 6.6. L7 Hz), 3.88 (m, IH), 4.01 (m. IH). 4,77 
(dd. IH. /«6.1, 2^ Hz), 5.49 (ddq> IH, M 15. 8U), IJ Hz). 3.79 (dq, IH, 1 5, 6.4 
Hz), 639 (dd. lA J= 6.3, 1J2 Hz), l^c NMR (CDCI3) 8 14.9, 17.8. 40J, 69.1, SIA 
J04.8, 128.9. 130.9, 144.7. MS (m/z] 154 (M*X -^8.9 (c 0.65, TOP, >99% 

ee after iccrystaiUzatioD). HRMS (xn/z) calcd. for C9H14O2 (M^: 154.0994; 
found: 154.0997. The enantiomeric excess of the pit>diicc was detemdoed by HHjC 
analysis (Daicel Cfaiialpak AD, hexane/^iOH a 1(XXV1, flow rate » 1.0 mL/knin: m s 
20.5 min (msjorX m = 15.5 min (minor)) after benzoylatkm using benzoyl chlodde 
and pyridine, DMAP. 

(4l{^t6l{)-4i>aydro3or«5Hiiethjl*6«((S>a-propeiiyl)H^^ 
2^aie ((4-VPrdactone Q 6): IR IcaH] (neat) 3434, 1730, 1454, 1376. 1244. "H 
NMR (CDQs) S L03 (d, 3H, 6.7 Hz). 1.65 On» IH), 1.75 (dd, 3% ^ 6.8, 1 .6 Hz), 
249 (dd, /= 17, 8.6 Hz), 237 (br. IH), 2.91 (dd, IH, /= 17, 33 Hz), 3.77 (m, 
IH). 4,19 (dd, IH. la 8.6 Hz). 5.43 (ddq, IH, M 15, 8,2, 1.9 Hz), 5.80 (dq. IH, M 
15. 6,7 Hz). NMR (CIX:i3) 6 13.7, 17.6, 39.1, 413. 693, 84.1, 127.6, 1324. 
170.4. MS [m/zl 170 (M^), 1S2 ((M-H2O) *). la]j>^ +65.4 (c 0.71, MeOH). Ul)3 
[alD^ -t-57.6 (c 03, MeOH). HRMS (m^z) calcd. for C9Hi403 (M+): 170.0943; 
found: 170.0972. 
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F5^— 4C062 CC36 CC38 

4G069 BA21A BA21B BC51A BC51B 

BE06A BE06B BE33A BE33B 

BE34A BE34B BE37A BE37B 

CB57 CB59 
4H006 AAOl AB40 FC54 FE13 FE71 

FE73 FE74 FE76 FE77 
4H039 CA42 CH40 



